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(54) DEVICE FOR PRODUCING COMPOUND SEMICONDUCTOR SINGLE CRYSTAL 
PRODUCTION PROCESS USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a long-size or large- 
diameter compound semiconductor single crystal with good 
reproducibility. 

SOLUTION: This production process comprises: receiving a 
raw material melt and a liquid encapsulating agent in a heated 
crucible 5 that is received in a pressure vessel filled with an 
inert gas; and rotating a seed crystal 1 1 and the crucible 5 
relatively (or reversely) to each other while bringing the seed 
crystal 1 1 into contact with the raw material melt, to produce a 
compound semiconductor single crystal by an LEC(liquid 
encapsulated Czochralski) method, wherein, as the crucible 5, 
a crucible having a diameter sufficient to provide the ratio of the 
diameter of the crucible to the diameter of such an aimed grown 
single crystal, i.e., (crucible diameter)/(crystal diameter) of 2.2- 
3.2, is used. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation, 

l.This document has been translated by computer- So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3, In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] To the crucible which was held in the proof-pressure container filled up with inert gas, and was 
heated, raw material melt, In the manufacturing installation of the compound semiconductor single crystal by 
the LEC method into which seed crystal and a crucible are rotated relatively and a single crystal is grown up, 
containing liquid encapsulant and contacting seed crystal to raw material melt The manufacturing installation of 
the compound semiconductor single crystal characterized by setting the ratio {(crucible diameter) /(crystal 
diameter)} of the diameter of a crystal and a crucible to grow up to the range of 2.2-3.2* 
[Claim 2] The manufacturing installation of the compound semiconductor single crystal characterized by the 
diameter of the crystal to grow up being a diameter crystal of macrostomia 100mm or more in the 
manufacturing installation of the compound semiconductor single crystal of claim I , 
[Claim 3] To the crucible which was held in the proof-pressure container filled up with inert gas, and was 
heated, raw material melt, In the manufacture approach of the compound semiconductor single crystal by the 
LEC method into which seed crystal and a crucible are rotated relatively and a single crystal is grown up, 
containing liquid encapsulant and contacting seed crystal to raw material melt The manufacture approach of the 
compound semiconductor single crystal characterized by growing up a compound semiconductor single crystal 
using the crucible which set the ratio {(crucible diameter) /(crystal diameter)} of the diameter of a crystal and a 
crucible to grow up to the range of 2.2-3,2. 

[Claim 4] The manufacture approach of the compound semiconductor single crystal characterized by a diameter 
growing up the crystal of the diameter of macrostomia 100mm or more in-the rhanufacture approach of the 
compound semiconductor single crystal of claim 2. 



[Translation done.] 
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* NOTICES * 

JPO and INPZT are not responsible for any 
damaged caused by the -use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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3 Jn the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach which used the manufacturing 

installation of a compound semiconductor single crystal, and it. 

[0002] 

[Description of the Prior Art] An III-V group compound semiconductor has come to be widely used for the 
electronic device of a high-speed integrated circuit, an opto-electronic integrated circuit, or others by quality 
improvement of the single crystal, inside - gallium arsenide (GaAs) - electron mobility - silicon - comparing 
— early and 107 the wafer of the specific resistance more than omega-cm - manufacture — there is the 
description of being easy. In current, the above-mentioned single crystal of the half insulation GaAs is mainly 
manufactured by the liquid closure Czochralski method (LEC method). 

[0003] The outline of the crystal-pulling equipment by the LEC method currently widely used for drawing 1 as 
a manufacturing installation of a GaAs single crystal is shown. 

[0004] In drawing, 1 is an elevated-temperature furnace for crystal growth (proof-pressure container), into the 
elevated-temperature furnace 1, a lower shaft 2 is inserted from the bottom, and the susceptor 4 is supported 
through the pedestal 3 at the tip of this lower shaft 2. The crucible 5 made from PBN is arranged in the 
susceptor 4, The heater 8 is formed in the perimeter of a susceptor 4, and the crucible 5 made from PBN can be 
heated now from a perimeter through a susceptor 4. It connects with the rolling mechanism which is not 
illustrated and a lower shaft 2 is rotated with a fixed rotational speed. Moreover^ from the elevated-temperature 
furnace 1 bottom, an aim shaft horizontal 9 is inserted in same axle with a lower shaft 2, and the seed crystal 1 1 
((100) is usually used as bearing) which had desired bearing in the seed crystal holder 10 foimed in the lower 
limit is attached. Besides, while axial rotation is carried out in the crucible 5 made from PBN by the rotation 
and the elevator style which is not illustrated at the reverse sense, rise-and-fall migration of the shaft 9 is carried 
out. The weight sensor 12 is formed in the middle of the aim shaft horizontal 9, and the crystal weight of a 
growth process can be detected now by this. 

[0005] In the case of crystal growth, it is Ga, As6 (Ga7470g, As8124g), and B-2 03 in the crucible 5 made from 
PBN first. 4,000g of liquid encapsulants 7 is put in, evacuation of the inside of the elevated-temperature furnace 
1 is carried out, 40 atmospheric-pressure extent is pressurized with inert gas, such as nitrogen or an argon, after 
that, it energizes at the main heater 8, and the temperature up of the interior of the crucible 5 made from PBN is 
carried out. The liquid encapsulant (B-2 03) 7 becomes soft and dissolves around 500 degrees C, and it is a 
wrap about Ga and As6. A temperature up is carried out succeedingly, temperature of the crucible 5 made from 
PBN interior is made into 1,238 degrees C or more, GaAs is compounded, and it is made to dissolve further. 
Next, after decompressing the inside of the elevated-temperature furnace 1 in five to 20 atmospheric pressure, 
seed crystal 1 1 is dropped, the tip is dipped in raw material melt, and seed attachment is performed. Then, the 
aim shaft horizontal 9 is pulled up at the rate of 7 - 12 mm/hr, lowering the temperature of a heater 8, detecting 
crystal weight by the weight sensor 12, the output of a heater 8 is controlled and a GaAs single crystal is grown 
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up. 

[0006] The product made from PBN (Pyrolitic Boron Nitride : pyrolysis boron nitride) is used for the crucible 5 
used by the above-mentioned LEC method, and its crucible made from PBN is very expensive. As for the * 
diameter of the crucible used by the LEC method from this, it is common to use a bigger thing a little than the 
diameter of the crystal to grow up, 
[0007] 

[Problem(s) to be Solved by the Invention] However, it is very difficult and the techniques of growing up a 
compound semiconductor single crystal are members (called a hot zone.), such as a heater of a heating means, 
and a thermal shield cylinder. It is difficult to acquire the growth conditions of a compound semiconductor 
single crystal with sufficient repeatability according to the arrangement described as Following HZ, a 
configuration, the quality of the material, etc., in order to be influenced more finely. 

[0008] When it was going to obtain the diameter crystal of macrostomia for which especially the diameter of a 
compound semiconductor single crystal exceeds 100mm, it was very difficult to acquire the growth conditions 
of a compound semiconductor single crystal especially with sufficient repeatability, and it was rare that 
polyctystal-ized in the process of single crystal growth in almost all cases, and a single crystal all over the 
districts was obtained from the seed attachment section (seed section) of a crystal to the crystal growth last 
section (tail part). 

[0009] Although not illustrated by drawing 1 , members (hot zone HZ), such as a thermal shield cylinder, are 
prepared in the elevated-temperature furnace 1, and it was regarded as the factor in which this arrangement of 
HZ, a configuration, the quality of the material, etc. influence the repeatability of the growth conditions of a 
compound semiconductor single crystal till recently, However, the factor is not only in HZ but it is becoming 
clear that the property of the crucible made from PBN to be used is also greatly related as stabilization of 
conditions, such as arrangement of HZ, a configuration, and the quality of the material, is attained. The crucible 
made from PBN does not react with the raw material compound at the time of the elevated temperature which 
grows a compound semiconductor single crystal, but is Pyrolitic Boron Nitride. With an advantage, like the 
purity of the very thing is high, it is an instrument especially indispensable to growth of a GaAs single crystal, 
and, for the moment, the substitute is not known. Therefore, when improving the repeatability of the growth 
conditions of a compound semiconductor single crystal and aiming at improvement in the yield, the property 
improvement of the crucible made from PBN is indispensable. However, in the property of the crucible made 
from PBN, it was not clear what was the most decisive factor. 

[0010] Then, the purpose of this invention cancels the trouble of the above mentioned conventional technique, 
and is to offer the manufacturing installation and the manufacture approach of a compound semiconductor 
single crystal that a compound semiconductor single crystal can be obtained with sufficient repeatability. 



[Means for Solving the Problem] this invention persons acquired the following knowledge, as a result of 
repeating research wholeheartedly about manufacture of the compound semiconductor single crystal by the 
LEC method. That is, although it had only been thought that the factor for acquiring the growth conditions of a 
compound semiconductor single crystal with sufficient repeatability till recently required arrangement of HZ 3 a 
configuration, the quality of the material, etc. for HZ, it discovered that the factor for obtaining a compound 
semiconductor single crystal with sufficient repeatability is not only in HZ, and there was a factor also in the 
diameter of the crucible made from PBN to be used as stabilization of conditions, such as arrangement of HZ, a 
configuration, and the quality of the material, was attained. And by specifying the ratio of the diameter of a 
crucible, it found out that a compound semiconductor single crystal could be obtained with sufficient 
repeatability, and this invention was reached. 

[0012] Namely, the manufacturing installation of the compound semiconductor single crystal of this invention 
Hold in the proof-pressure container filled up with inert gas, and to the heated crucible Raw material melt, In 
the manufacturing installation of the compound semiconductor single crystal by the LEC method into which 
seed crystal and a crucible are rotated relatively and a single crystal is grown up, containing liquid encapsulant 
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and contacting seed crystal to raw material melt The ratio {(crucible diameter) /(crystal diameter)} of the 
diameter of a crystal and a crucible to grow up is set to the range of 2.2-3.2 (claim 1). 
[0013] Moreover, the manufacture approach of the compound semiconductor single crystal of this invention 
Hold in the proof-pressure container filled up with inert gas, and to the heated crucible Raw material melt, In 
the manufacture approach of the compound semiconductor single crystal by the LEC method into which seed 
crystal and a crucible are rotated relatively and a single crystal is grown up, containing liquid encapsulant and 
contacting seed crystal to raw material melt The ratio {(crucible diameter) /(crystal diameter)} of the diameter 
of a crystal and a crucible to grow up grows up a compound semiconductor single crystal using the crucible set 
to the range of 2.2-3.2 (claim 3). 

[0014] In the manufacturing installation or the manufacture approach of this invention, the diameter crystal of 
macrostomia 100mm or more can be dealt with as a diameter of the crystal to grow up (claims 2 and 4). 
[0015] In an LEC method, the main point of this invention is making the ratio {(crucible diameter) /(crystal 
diameter)} of the diameter of a crystal and a crucible to grow up into the range of 2.2-3.2, and its repeatability is 
good and it makes it possible to obtain a compound semiconductor single crystal by high yield. In addition, as 
the diameter crystal of macrostomia 100mm or more, by making the ratio {(crucible diameter) /(crystal 
diameter)} of the diameter of a crystal and a crucible to grow up into the range of 2-2-3.2, the repeatability of 
the diameter of the crystal to grow up is more good, and it can obtain a compound semiconductor single crystal 
at high yield. 

[0016] When the ratio of the diameter of a crystal and a crucible to grow up was less than 2.2, the minimum of 
the ratio of the diameter of the above-mentioned crystal which carries out growth, and a crucible was made or 
more into 2.2, because yield also became low, though the repeatability which lineage (Lineage) and a subgrain 
boundary are easy to be formed, and obtains a single crystal is low and natural. As a cause that lineage and a 
subgrain boundary are easy to be formed, it is presumed as follows. That is, although a solid-liquid interface 
must always be made into a convex at a melt side in order to obtain a single crystal, when the ratio of the 
diameter of a crystal and a crucible to grow up is 2.2 or less, a solid-liquid interface is not stabilized, but it is 
easy to generate the part which serves as concave at a melt side, and it is thought that a rearrangement 
concentrates and it leads to formation of lineage and a subgrain boundary. 

[0017] Moreover, yield also becomes low, though having made or less into 3.2 the upper limit of the ratio of the 
diameter of the above-mentioned crystal which carries out growth, and a crucible has sharp fluctuation of the 
path of a crystal grown up when the ratio of the diameter of a crystal and a crucible to grow up exceeds 3.2, and 
its repeatability which obtains a single crystal is low and it is natural. As a cause by which fluctuation of the 
path of a crystal becomes intense, it is presumed as follows. That is, as for control of the diameter of a crystal in 
an LEC method, it is common to measure the weight of the crystal which grew up into per unit time amount, to 
compute the diameter of a crystal by processing this arithmetically, and to control the output of the heater which 
is a heating means. Since the responsibility to the path to control of the output of a heater becomes late when 
the ratio of the path of a crystal and the diameter of a crucible to grow up becomes large too much, it is thought 
that fluctuation of the path of a crystal to grow up becomes intense. In addition, if fluctuation of the diameter of 
a crystal is sharp, a solid-liquid interface will not be stabilized, either, but it will be easy to generate the part 
which serves as concave at a melt side, a rearrangement will concentrate, and it will lead to formation of lineage 
and a subgrain boundary. 

[0018] In addition, though the crystal diameter to grow up is natural as the diameter crystal of macrostomia 
100mm or more, as for the importance of a solid-liquid interface, it is stably needed from a small aperture 
crystal for a melt side increase and that it is a convex. 
[0019] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained focusing on an 
example. Here, the example applied to manufacture of the gallium arsenide which is a kind of a compound 
semiconductor is explained. In addition, the manufacturing installation used in the following examples 1-4 and 
examples 1-4 of a comparison contained raw material melt and liquid encapsulant to the crucible 5 which is the 
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same as that of drawing! , was held in the proof-pressure container slack elevated-temperature furnace 1 filled 

up with iixert gas, and was heated, it rotated relatively the end crater 5 taken seed crystal 1 1> contacting seed 

crystal 1 1 to raw material melt, and manufactured the compound semiconductor single crystal by the LEC 

method. And especially in the examples 1-4, ratio K[ of the diameter of the crystal to grow up and a crucible ] = 

{(crucible diameter D) /(crystal diameter d)} used the crucible of the range of 2.2-3.2. 

'0020] The contents of these examples 1-4 and the examples 1-4 of a comparison are shown in Table 1. 

: 0021] 

Table 1] ( . 
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[0022] Single crystal growth of gallium arsenide with a crystal diameter [ of 100mm ] and a crystal die length of 
400mm was performed 50 times using the crucible made from PBN whose [examples 1-2] diameter is 280mm 
(example 1), Consequently, the thing of a single crystal (All Single) all over the districts was obtained from 
seed attachment of a crystal by 95% or more of probability to the crystal growth last section, 
[0023] Moreover, single crystal growth of gallium arsenide with a crystal-diameter [ of 100mm ] and a crystal 
die length of 400mm was similarly performed 200 times using the crucible of the range whose diameter of the 
crucible made from PBN is 220mm - 320mm (example 2). Consequently, the thing of a single crystal all over 
the districts was obtained by 90% or more of probability. 

[0024] [Examples 3-4] Single crystal growth of gallium arsenide with a crystal diameter [ of 150mm ] and a 
crystal die length of 300mm was performed 20 times again using the crucible made from PBN whose diameter 
is 400mm (example 3). Consequently, the thing of a single crystal all over the districts was obtained by 80% or 
more of probability. 

[0025] Moreover, single crystal growth of gallium arsenide with a crystal diameter [ of 150mm ] and a crystal 
die length of 300mm was similarly performed 50 times using the crucible of the range whose diameter of the 
crucible made from PBN is 330mm - 480mm (example 4). Consequently, the thing of a single crystal all over 
the districts was obtained by 75% or more of probability. 

[0026] As a result of gallium arsenide's with a crystal diameter [ of 100mm ] and a crystal die length of 400mm 
carrying out ******** length using the crucible made from PBN with the [examples 1-2 of comparison] 
diameter smaller than 220mm, the probability for the thing of a single crystal all over the districts to be obtained 
according to generating of lineage and a subgrain boundary etc. was 70% or less (example 1 of a comparison). 
In addition, the probability for the thing of a single crystal all over the districts to be obtained suited the 
inclination which becomes so low that the diameter of a crucible becomes small. 

[0027] Moreover, as a result of performing single crystal growth of gallium arsenide with a crystal diameter [ of 
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150mm ], and a crystal die length of 300mm using the crucible made from PBN with a diameter smaller than 
330mm, the probability for the thing of a single crystal all over the districts to be obtained according to 
generating of lineage and a subgrain boundary etc. was 60% or less like the case with a crystal diameter of ■ 
100mm (example 2 of a comparison). 

[0028] The probability for fluctuation of the diameter of a crystal to be sharp, and to be in the middle of growth, 
for lineage and a subgrain boundary to occur as a result of performing single crystal growth of gallium arsenide 
with a crystal diameter [ of 1 00mm ] and a crystal die length of 400mm using the crucible made from PBN with 
the larger [examples 3-4 of comparison] diameter than. 320mm 7 and for the thing of a single crystal all over the 
districts to be obtained was less than 75% (example 3 of a comparison). In addition, the probability for the thing 
of this single crystal all over the districts to be obtained suited the inclination which becomes so low that the 
diameter of a crucible becomes large. 

[0029] Moreover, the probability for a case with a crystal diameter of 100mm and fluctuation of the diameter of 
a crystal to be shaip, and to be in the middle of growth, for lineage and a subgrain boundary to occur as a result 
of performing single crystal growth of gallium arsenide with a crystal diameter [ of 150mm ] and a crystal die 
length of 300mm using the crucible made from PBN with a larger diameter than 480mm, and for the thing of a 
single crystal all over the districts to be obtained was 65% or less (example 4 of a comparison), 
[0030] Putting the above result together, repeatability is good and it turns out that it becomes possible to obtain 
a compound semiconductor single crystal at high yield because ratio K[ of the diameter of the crystal to grow 
up and a crucible ] = {(crucible diameter D) /(crystal diameter d) } chooses the diameter of a crystal to grow up, 
and the diameter of a crucible in 2.2-3,2, In addition, the diameter d of the crystal to grow up can obtain a 
compound semiconductor single crystal with more sufficient repeatability by high yield by making ratio K[ of 
the diameter of the crystal to grow up and a crucible ] = {(crucible diameter D) /(crystal diameter d)} into the 
range of 2.2-3.2 as the diameter crystal of macrostomia 100mm or more. 

[0031] Although the above-mentioned example indicated the case where a gallium arsenide (GaAs) single 
crystal was grown up, this invention can be applied also about the manufacturing installation and the 
manufacture approach of a compound semiconductor single crystal of performing crystal growth by LEC 
methods, such as InP, GaP, and InAs, and can acquire the same effectiveness. 

[0032] Moreover, the probability for the thing of a single crystal all over the districts to be obtained is not only 
high, but the compound semiconductor single crystal obtained with the approach by this invention and 
equipment has it in an inclination with little pile-up^of-dislocations section compared with the compound 
semiconductor single crystal obtained with the conventional method rather than a conventional method. Even if 
it is a single crystal all over the districts in the case of a conventional method, although this does not develop 
into lineage and a subgrain boundary, it shows that the rearrangement is being accumulated. The compound 
semiconductor wafer obtained by this invention can prevent the fall of the component yield based on a 
rearrangement, when a component is formed using this. A great thing has the economical effectiveness in 
industrial production. 
[0033] 

[Effect of the Invention] Since the diameter of a crystal and the diameter of a crucible into which the ratio 
{(crucible diameter) /(crystal diameter)} of the diameter of a crystal and a crucible to grow up is grown up so 
that it may go into the range of 2.2-3.2 are chosen according to this invention as explained above, a compound 
semiconductor single crystal can be obtained with sufficient repeatability by high yield using an LEC method. 
Therefore, the long crystal of a compound semiconductor single crystal and the diameter crystal of macrostomia 
can be obtained with sufficient repeatability. 



[Translation done J 
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l.This document has been translated by computer. So the translation may not reflect the original precisely, 
2 **** shows the word which can not be translated 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing!] It is drawing having shown the basic configuration of the manufacturing installation of the 
compound semiconductor single crystal by this invention. 
[Description of Notations] 

I Elevated-Temperature Furnace 

5 Crucible made from PBN 

6 Ga,As 

7 Liquid Encapsulant 

8 Heater 

II Seed Crystal 
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DRAWINGS 
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